Abstract: Calculation of the HPLC chromatographic retention times of different carotenoids supported our improved chromatographic separation of β-carotene and lutein in four tomatoes and two tomatillo varieties in fresh form and after three different cooking procedures: pot boiling, cooking in a pressure cooker and microwaving. A good separation was achieved experimentally using an Ultrasphere ODS column and gradient elution with an acetonitrile-tetrahydrofuran-water mobile phase. It was shown that diverse tomato species contained different amounts of β-carotene (6-400 μg/100 mg) and lutein (2-30 μg/100 mg). The concentration in fresh samples was higher than in cooked tomatoes. The β-carotene content in fresh tomatillo varied between 2 and 20 μg/100 mg. Microwaving caused partial destruction of the β-carotene and lutein in tomatillos.
Introduction
β-Carotene acts as a pro-vitamin A, anti-cancer compound and prevents several degenerative diseases [1] . Its retention in carrots during processing and storage has been studied, but not in tomatoes after cooking procedures. It has been known that the carotene and xanthophylls contents in tomato leaves are almost constant and relatively little affected by environmental factors [2a-b] . β-Carotene in carrots was degraded less by low-pressure superheated steam drying than by hot air drying [3] . The unsaturated conjugated chain of carotenoids is very sensitive to air, oxidizing and reducing agents. The relative stability of lutein is the basis of its use as yellow natural dyestuff for food, but the loss of lutein during the storage is known and in many instances it starts at the raw material handling stage. For example, high temperature (50 °C) promoted its degradation [4] . After soaking and drying treatments, the stability of various carotenoids in flowers of Hemerocallis disticha was studied and showed loss of carotenoids after air-drying [5] .
High-pressure treatment is a technique for preserving food quality through the inactivation of endogenous food enzymes. However, enzyme denaturation is caused by rearrangement and/or destruction of noncovalent bonds such as hydrogen bonds and ionic bonds of the tertiary protein structure. During tomato processing, an increase of carotenoids content on a wet weight basis has been observed [6] . HPLC has been used successfully for the analysis of foodstuffs. The determination of carotenoids has been predominantly performed by reversed-phase HPLC on C18 columns [7a-b] and with acetonitrile (MeCN) as eluent. The optimal methodology would appear to be well established, however, it is well known that different C18 phases do not always provide similar performance, i.e. significant differences in peak retention times, selectivity, and even peak shape can be observed. It was therefore of interest to calculate the chromatographic retention of different carotenoids in support of the improvement of the chromatographic separation of the compounds under study. This study attempts to show by means of HPLC how pressure and temperature can influence the content of β-carotene as representative of the carotenes and lutein as the principal xanthophyll found in tomatoes and tomatillo.
Results and Discussion
An effort to model theoretically the retention of the carotenoids under study -β-carotene and lutein -on seven different columns and with methanol (MeOH) as eluent is shown in Figure 1 . A very similar retention, expressed as the logarithm of the capacity factor over the entire composition range, was found. This result disqualified MeOH, and further retention on the Hypersil ODS column with waterMeCN and water-tetrahydrofuran (THF) mobile phases was modeled.
The optimized theoretical chromatograms on Hypersil ODS using 100 % MeCN and 63 % THFwater are depicted in Figure 2 (left panel). It is worth mentioning, that complete resolution of the mixture components could not be achieved with MeCN. In view that more than two carotenoids could be present in the extracts of the studied fruits, we focused on a superior separation between β-carotene and lutein, minimizing peak overlapping with other compounds and implementing at the same time the use of THF and MeCN. 
Absorbance, au
From our stock columns, Ultrasphere ODS (12 % C) was chosen for the experimental work with real samples due to its carbon load, which is similar to that of Hypersil ODS (10 % C). Based on the theoretical results, the experimental determination of β-carotene and lutein in vegetable samples was performed using an Ultrasphere ODS column and a MeCN-THF-water mobile phase with gradient elution. Different composition gradients were tested and attention was restricted here to resolution and analysis time of real samples, as shown in Figure 2 (right panel). This is distinct from method validation, which is central for analytical and chromatographic communications. Nevertheless, the theoretical approach facilitated a prompt extrapolation to the mobile phase components and gradient composition.
Since production of tomato foodstuffs and sauces prepared from tomatillo comprises diverse cooking procedures like boiling, roasting or steaming, in this work the content of β-carotene and lutein was determined for different tomato species in fresh fruits and after cooking in a pressure cooker. Results presented in Table 2 evidence variations in the carotenoid content of the fresh vegetables depending on the species. Lycopersicum cerasiforme was the lutein richest tomato, while Lycopersicum periforme Dun exhibited the highest β-carotene concentration. A mean β-carotene content of 440 μg/100 mg has been reported [6] , which varied from fruit to fruit and could reach values as high as 600 [8] and 780 μg/100 mg [6] . Due to the lack of information in reports [6] and [8] about the species analyzed, it was not immediately clear if different species are more rich in this component than others. After preparation in a pressure cooker, the β-carotene content decreased in a dissimilar manner in the different species: 25% (in Lycopersicum periforme Dun) and 90% (in Lycopersicum cerasiforme). Similarly, it has been reported that mangos of different cultivars showed diminished carotene concentration after dehydratation [9] . On the other hand, for green beans [10] , the effect of cooking could not be revealed due to the wide ranges reported for the fresh and processed vegetables. It is then not surprising, that for example in different Catsup brands [11] the total carotenoids content varied significantly, since tomatoes varieties and manufacture processes differed. Lutein concentration in Lycopersicum cerasiforme tomatoes diminished almost 50% after pressure cooking. Tomatillo is known for its protein (11%) and low fat content (18%) [12] . Nutritional analysis have not examined yet the extraction and quantification of carotenoids, despite its high (58%) carbohydrate content and the quinone reductase activity found in hepatoma cells for one extract of Physalis philadelphica [13] . In this work, a low concentration of β-carotene and lutein was demonstrated in two species of tomatillo and the relative amounts varied with the cooking procedures, as reported in Table 2 .
Conclusions
The concentrations of β-carotene and lutein were higher in the fresh form of four tomato species, compared with those obtained in the vegetables subjected to pressure cooking. The relative content of the bioactive compounds in the fresh form was: Lycopersicum periforme Dun > Lycopersicum cerasiforme > Lycopersicum esculentum ~ Lycopersicum esculentum Mill for β-carotene and Lycopersicum cerasiforme > Lycopersicum periforme Dun > Lycopersicum esculentum ~ Lycopersicum esculentum Mill for lutein. The β-carotene and lutein contents of two species of fresh and cooked tomatillos was also determined.
Experimental

General
Lutein and β-carotene standards were purchased from Aldrich and Fluka, respectively. Stock solutions were prepared in THF. All reagents used in the extraction of the carotenoids from the tomatoes samples were purchased from Merck. Methanol, acetonitrile and tetrahydrofuran HPLC grade (Burdick & Jackson) and deionised water (Milli-Q reagent grade water) were used in the chromatographic analysis.
Equipment
Samples were analyzed using a Beckman Gold automated liquid chromatograph (Beckman Coulter, Inc., Fullerton, CA, USA) comprising a Beckman 168 diode array detector. RP-separations were carried out at 30 °C using a 250 x 4.6 mm column packed with Ultrasphere ODS (5 μm particles, 80 Å pore diameter) at flow rate 1 mL·min -1 with a 60 minute linear gradient, starting with 25% water-75% mixture MeCN-THF (85%:15%, v/v). After each run the column was re-equilibrated to initial conditions during 20 minutes. Eluates were monitored at 355 nm and 40 μL were injected in triplicate. Peak identification was performed by retention time matching and the spectra provided by the DADdetector. Quantification was achieved by calibration curves. Retention of the carotenoids was calculated with the ChromDream software (Knauer, Germany). Baseline correction of the gradient chromatograms was performed using the Peak Fitting Modul from the Origin 5.0 software.
Sample preparation
Fresh tomatoes and tomatillos were purchased in a local market in Zacatlán, Puebla (Mexico) located at 97°58'E and 19°57'N. Commercial maturity of the fruits corresponded with the USDA sixth stage "red" [14] according to manual grading. Three lots (200 g fresh weight) were prepared on the day of purchase for each cooking and extraction procedure. Batches were obtained by washing and cooking in deionized water (150 mL) during five minutes. The time was recorded when the water reached its boiling point (94 ºC) for the boiling trials, when the valve got closed in the pressure cooker experiments (pressure 15 psi), and after pressing the start button of the microwave oven (650 W). The final temperature in the vegetable matter was 90 ºC. After cooling to room atmosphere, extraction was carried out in triplicate for each lot according to a modified procedure of [15] : raw or processed material (25 g) were ground in a mortar with CaCO 3 (0.1 g), Na 2 SO 4 (2 g) and sand (0.2 g); then extracted with of a petroleum ether-acetone mixture (1:1, v/v, 120 mL) using a Büchner funnel. The extract was evaporated to dryness in a water bath. The residue was dissolved in THF (2 mL) and chromatographic vials were filled with this solution using syringe filters.
